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Ice formution in a hrge body of water.-In view of the 
possibility that the ice formed at the bottom of a river 
(the anchor ice proper, as mentioned a t  the beginning of 
this paper) may be owing in part to some other cause in 
addition to the high emissivity of the Vver bottom, it is 
desirable to call attention to the following eculiar forma- 

body of still water. 
In  test D, already described, the hceptacle containing 

the water was a widemouth bottle, 6 cm. in diameter 
a t  the top, and about 14 cm. in height. The bottle 

ed in hair felt 

was therefore 

tion of ice as the result of cooling and re P rigeration in a 

packed in a 

FIG. 7.-Test D yjth wide-Fouthed 
bottle, showing rurtnlns of ice 
suspended In the water and saw- 
toothed blades extendhi far down 
into the water. 

mainly by &nduction and 
radiation from the top. On 
one occasion it was ob- 
served that instead of the 
ice freezing solid across the 
top, there were several ex- 
tremely thin “curtains” of 
ice suspended in the water 
as shown in -re 7. They 
were visible only in intense 
sunlight. Several thin, nar- 
row, saw-toothed blades ex- 
tended far down inside the 
bottle. They seemed to take 
the line along which refriger- 
ation occurred as a result of 
cooling, principally by con- 
duction and radiation a t  the 
top of the vessel. It would 
be desirable to determine 

whether the density of these fine ice spicules is t.he same 
as that of a large mass of ice. 

StTMMARY. 

This paper deals with the formation of ice fringes upon 
the Dittany, G‘uniira niniian,a. The data here presented 
are based upon esperiments and observations in the field 
and in the laborato . 
the temperature falls to freezing; but they are not a func- 
tion of the hoarfrost which may be present upon the 
ground. 

The ice fringes do not form upon the side of a splinter 
which contains the ith or upon the line of fracture, but 

frin e, however, is not a function of the surface condkion 

but usually no ice protrudes rom the rifts. 
The growth of the ice fringe ceases when the ground is 

frozen to a de th  of 2 to 3 cm., and when the moisture 

It was observed t ? at the ice fringes are formed when 

upon the outer woo 1 y surface. The formation of the ice 

f of t a e stem. The stem is fre uently found to be cracked, 

in the stem is f rozen. 

result of hydrostatic pressure exerted by the roots, which 
are erennial. 

A E the observations agree in showing that the moisture 
rises in the steni as the result of capillary attraction. The 
height (1 to 5 cm.) to which the moisture can rise within 

the stem is overned partly by the rate of evaporation 
from the su 3 ace. 

which show the st,ructure of s t e m  of plants which c o no; 
form ice fringes; also photomicrogr~ph of sections of 
stems of plants which forni ice fringcs. It is shown that 
those plants which form ice fringes the most readily and 
in the greatest abundance hnve the most snp tubes. 

The ice fringe is a coniFositc of a number of ver thin 

fringe was observed from its T - e y  beghiniiig. The fist, 
stnge in the production of the icc fringe consists of a 
single row of fine hnirlilie filaments of ice. This row of 
ice filmients lengthens up find down the stem. The 
iilnments increase 111 nunih~r, thus foniiillg a solid wcdge- 
sha ed “tooth” of ice, which constit.utcs the second sta e 

wed e-shaped tooth of icc widens a n d  increases in length, 

soak out of the stem. 
There appears to be no difference between the forma- 

tion of these ice fringes and the “ground ice” fornied on 
wet soils other than that in the latter a particle of gravel 
usuiilly forms the nucleus to start 6lie congelation. In 
both cases the moisture is brought t,o the surface by 
capillary action. When the rate of supply to the surface 
is more rapid than the loss by evaporation, and the air is 
at  a sufficiently low temperature, ice is fornied. 
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ARE LIGHTNINQ FLASHFS UNIDIRECTIONAL OR 
OSCILLATING ELECTRIC DISCEARGESP 

By CHARLES F. MARVIN, Chief. 

[Dated Weather Bureau, Washington, D. C., June 13,1914.1 

L. A. De Blois, in making experiments upon electrical 
dischar es in a wireless aerial (natural period 400,000) 
caused % y neighboring lightning flashes, using for this 
purpose both a static voltmeter and an oscillograph 
whose behavior was photographed or esaniined by means 
of a revolving mirror, found only oearly instantaneous 
laterrrl flicks of the oscillograph needle. In some cases 
the needle showed a number of niinor oscillations. exe- 
cuted during the return of the needle to its zero position. 
The duration of a discharge of this ldnd was a t  least 0.0034 
second. The periodic time of the oscillograph was 5,000 
to 6,000 per second. 

De Blois states that- 
In no recorda was there any indication of regular eriodio high-fre- 

quency oscillations in the iuduced current. Had %ey existed, the 

1 This paper and the following comment refers to the prellminary edition of the p p e c  
by L. A. De Blols ”Some invsstlgations on lightning rootectiun for buildinas, ’ pre- 
sented at 2grlth &thg Am. Instit. Elect. Eng., Washkgton, Aim. 24-25, 19!4, and 
appear IU Trans. Am. Instit. Elect. Eng., 1914, %3:563-579, and pL 25. Tho Illustra- 
trans oi%t paper am not reprod& a - ~ m m B .  
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oecillograph, of which the.periodic time was 6,000 to 6,009 would 
have failed to respond. This was never the case with heav dischargea 
to earth near by, though it did hap en,a presumably for otKer reaeone, 
with many urely intercloud diaclarges. Moreover, the static volt- 
meter could%ardly have been expected to reapond to high-fr uency 
oscillations as it did in the majority of casea of lightning d isarges  
to earth. On the other hand, it is probable that the currents induced 
in the collector aerial followed in a general way a t  leaat the variations 
in the traveling waves of the lightning discharges, since such variations, 
judging by the oscillograms, involved h’ h values of di/dt only in the 
case of steep-front waves, and also for %e reaaon that the damping 
effect of the aerial, whnse natural period of vibration was about 400,000, 
must have been ve small. If such was the case, do not the records 
obtained point to %e fact that lightnin%diacharges are eaaentially 
unidirectional, nonoscillatory, operlodic p enomena, especially since 

FIG. i.-niustrsting damped oscfllatha. 

the steep wavefront occurring in the majority of such discha ea would 
account for all the usual effects attributed to highzequency 
oscillations? 

assage quoted the author asks the 
question if the o servations cited do not indicate that 
11 li tning discharges are unidirectional, nevertheless else- 
w a ere in his paper it is plain he concludes that the results 
seemingly “indicate that such currents w e  nonoscillatory 
and aperiodic.” 

The present writer is of the opinion that the behavior 
of the static voltmeter and also the oscillograph have 
been misunderstood and that the records and actions 
described by De Blois are not a t  all inconsistent with the 
assumption that hghtning dischar es may be the high- 

su pose L9 to be. The writer does not mean to affirm that 
ligttnmg discharges are necessarily oscillatory, but that 
De Blois’s experiment.%, fairly interpreted, indicate that 
such discharges ~- may be Oscillatory, rather than aperiodic, 

While in the 

frequent poriodic currents they % ave been commonly 

as he concludes. 
It is well known that the duration of a lightning flash 

is but a small fraction of a second. This is-concl<sively 
shown by De Blois’s results. For the purposes of demon- 

% We i n k  the author’s e ression “It dld happen,” Is intended to mean the MIcIIlo. 
graph failed to raspond.4fE. hi. 

stration we may assume that a lightnin discharge is an 
oscillatory current of high frequency, as a as been claimed 
or admitted by a number of eminent authorities. 

We must regard this periodic flow as very strongly 
damped, and if we had a proper oscillograph to de ict 
such a current ’it should give us a familiar record of 
damped oscillations, as shown in figure 1. 

Duri:ig the whole intt:rval of t h e  represented by the 
first half-wave of the discharge, the oscillograph will be 
influenccd by a powerful chctrical surge that will be 
adequate to cnuse just such a suddm “flick” of the needle 
as described and recorded by DG Blois. If the period of 
the damped train of waves was very much greater than 
the comparatively slow period of the oscillogra h, only 
5,000 to 6,000, we believe the oscillograph COLI 7 d show 
only a relatively feeble response to the fist grrat surge 
of the dischar e and would be unaffected by the later 

fre uency of the lightning discharge was relativcly 
mo\crate, but still much greater than that of De Blois’s 
oscillogra h, may we not reasonably say that the first 

the needle to one side, wl e the subsequent train of 
waves would cause the minor oscillations observed to 
occur in some cases? It is quite conccivable that the 
minor oscillations seen by the aid of the revolving mirror 
may IT resent somcthi!i in the nature of “bcats” be- 

of the oscillograph. 
The reasoning followed in the foregoing is ti plicable 

to the interpretations of the indications of t E e static 
voltmeter, and we believe tho coiiclusion is justified that 
the results obtained by Mr. De Blois from the oscillo- 

a h and static voltmeter, in the study of lightning 
!&&argc.s, is not inconsistent with the supposition that 
such discharges are of a high-frequency damped periodic 
character. 

relatively feeb 7 e waves of the train. If, however, the 

l!i 
surge of t 1 e daniped dischar e would, as before, “flick” 

tween t i e oscillating disc 5 arge and the vibrating system 

- 
UNITED STATES WEATHEB BUREAU, 

Wdington, D.  C., Jum 9, 1914. 
CHIEF OF BUREAU: 

SIR: My delay in replying to your request for a discussion of your 
note on the lightning flash was caused by a long wait for some promised 
data from the Bureau of Standards that beam on the subject. 

The oscillograms ohtained by Mr. De Blois indicate, it  seemR to me, 
that the electric discharges that caused them were. either wholly uni- 
directional or else so stron ly damped as to be prevailingly in one 
direction. The relatively fong dumtion, 0.0015 second, rou hly, of 
the individual dischages seems to preclude the idea of strong famping 
and, therefore, the assumption of wcillation of any kind. 

There are several other arguments against the assumption that light- 
ning discha es are alternating, among them the fact that oscillations 
are mpossi#e if the resistance of the path is greater than about 200 
ohms per kilometer. Such scanty information as I have been able to 
find on the resistance of flames and electric arcs indicates that the 
resistance of the lightning path probably is much greater than this 
limiting value. 

Respectfully , 
(Signed) W. J. HUYPHREYS, 

Pro$emr of Meteorological P h y ~ c a .  

The above reinarks were also submittcd, with a copy of 
Mi .  L. A. De Blois’s papi’r, to the Supcrintendrnt of the 
United Statcs Naval Radio Scrvice, and through him to 
the United States Burcau of Stcain Engineerrng. The 
comments of that bureau are as follows: 

[lecond indorsement.] 

UNITED STATES NAVAL BUREAU OF STEAM ENOINEERINO, 
August 8, 1914. 

Subject: Lightning flashea, whether unidirectional or oscillatory. 
1. The bureau has carefull considered the question submitted, but 

a press of urgent m a t h  has dr,layed reply, and the aame difficulty now 
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stands in the way of a discu&on at length. The bureau’s general 
conclusions in their most conservative aspect can not be better ex- 
pressed than in the words of Mr. Marvin in the, am raph b 
on page 500 “The present writer is of the opinion pancfendingyyng 
“rather than aperiodic, as he concludes,” of his paper attached, 
wherein he concludes, fracticdly, that De Blois’ proposition is not 
proved. With the who e of Mr. Marvin’s paper the bureau concurs 
and especially with the ingenious suggestion as to the possibility ok 
tmmethmg in the nature of *‘beatY” between the oscillating diachasrge 
and the vibrating system of the oscillograph. 

2. The description of De Blois‘s expenmentaleaves the bureau uncer- 
tain as to the exact arrangement of apparatus with which the oscillo- 
gram in figure 3 [not reproduced from De Blois] was obtained. If this 
record was obtained from a tipark discharge from the antenna described 
on page 564 when excited by the oscillation transformer described on 
page 570, the bureau would be inclined to believe that his experimenta 
indicate positively the probability of an oscillatory rather than a 
unidirectional character.of lightning disc 

3. The antenna devcnbed is a strong osci labr. De Blois himself 
s r k s  of it aa having low damping. Ita tendency, therefore, u on 
c ischarge is to effect this discharge through a long series of os&+ 
tions in its own natural period, irrespective of the method of excitation. 
If excited by impact it follows this tendency without hindrance. A 
unidirectional lightning flash would appear to afford ideal shock exci- 
tation, and since we know that the observed E ark from the antenna is 
oscillate 
the oscixgraph under this condition?’, This point appears to have 
been neglected in the experiments, though seemingly it might easily 
have been investipted by means of ordinary quenched ap excitation. 
Su pose we have investi ated it and have found the oschcgraph to ‘ve 
o& sudden definite SI!& like those in figure 3 [not reproduced E m  
De Blois]. How then explain the succession of peaks such iw those 
actually observed, as shown in figure 1 [not reproduced from De Blois]? 
Obviously either- 

(1) A s  the result of “progressive breakdown” phenomena, described 
by Steinmetz, in which cue  the demonstration is still conclusive, or (9 As the result of forced oscillations of long period or of mixed 
penod, which is the same as saying that the lightrung flash is oscillatory. 

4. It appear3 to the bureau that nothing is to be deduced with cer- 
tainty from thij data until the behavior of the oscillogrspli is known 
when subjevted to oxillatory discharges of different frequency and 
damping. With an instrument of such low periodicity as 5,000+,000 
too many unknown factors enter to allow a reasonable attempt to inter- 
pret the results except in the light of such experimentation. 

T 

in such a cme the quastion d e s  P What is the behavior of 

Bureau of Steam Engineeri~g. 

THE ATMOSPHERE OF “HE PLANET XARS. 

The subject of the so-called canals on the planet of Mars 
has been carefully treated in a series of articles by Prof. 
William H. Pickerin , published in Popular Astronom 

on the moon if only its surface is examined under the 
same optical conditions used in the study of Mars. It 
ma be worth while for the meteorologist to study the 
su 4 ace of the earth under similar conditions. He has 
only to represent on an artificial globe the portions that 
are water, snow, or ice; mountains, plateaus, or lowland; 
forests prairies,or deserts, by a proper system of coloring; 
then iace the globe at  the proper distance and view it 

that is more or less hazy or undulating. The following 
extracts from Prof. Pickering’s paper will show what 
could be expected under these conditions: 

in 1914. He finds t B a t  one may perceive similar cana 2 

with t 1 e proper magnifying power through an atmosphere 

LUNAR CANALS. 

The present report will be devoted chiefly to a study of the c a d s .  
By a canal in the astronomical sense of the word is meant any long, 
narrow dark marking that is straight, or of lmge radius of curvature and 
of fairly uniform breadth and density. The existence of the canals on 
Mars as objective realities must appear obvious to any one who has seen 
the planet under sufficiently favorable circumstances. They have 
been seen at this station [Mandeville, Jamaica, W. 1.1 with the 11-inch 
refractor by using a magnification of 660 when the diameter of the 

lanet was but 5.6 inches. When well seen they can be held by the eye 
Eke any other real marking for indefinite periods The main cause of 
the controvemy ’regsrding them is that in nortdem latitudes, where 

most of the large telescopes are located, the seeiy is not sufficiently 
to show them well, and their existence there ore continues to be P oubted in some uarters. 

Another cause 07 doubt depends on the mistaken idea still held by 
the public, and also by many astronomers, that the larger the telexope 
the more you can we with it. If the seeing were good enough, or if 
the objects were very faint, this would obviously be true. But even 
with double stars there ia a limiting size of aperture g iv iq  the beat 
results, de endin on the quality of the seeing, and with bright plane- 
tary detaif this Emit is very marked indeed. The statement once 
made in joke that the 40-inch Yerke3 lens is too powerful to show the 
canals of Mars is literally true. There are too msny air wave3 con- 
stantly passing in front of its great surface to permit of the necessary 
planetary definition. 

For our northeastern States tho best results on a good night can be 
obtained with an &inch aperture. In the Southwe4 16 inches is 
perhaps the limit. The proper size for the Tropics has not yet been 
reached by any instrument located there, and is still unknown. Any 
telescope intended for regular use on planetary detail should be pro- 
vided with a cat’s-e e diaphragm placed over the objective, which can 
be adjusted instant& from the eye end of the telescope, a device firdt 
used I believe at the Lowell Observatory. 
As a means of studying the can& of Mar3 it occurred to the writer 

that sinc! the. moon IS a body clojely rwembling it, and of the same 
order of me ,  i f  we were to apply to it the same magnification in pro- 

rtion to ita distance, that we might get a similar effect. The average 
%stance of Mars at opposition is 50,000,000 miles, the average di3tance 
of the moon, one-quarter of a million. The moon beinpat one two- 
hundredths the distance of Mm, we should use one twehundredtha 
the magnification. The Martm canals are well seen with a power of 
500. An ordinary opera g!ving a power of 2.5 would therefore 
be a proper instrument with whch to view the moon. If we wish to 
have the moon a pear of the same size as Mars, a field glass magnifying 
five times shoulcfbe employed. 

A preliminary sketch made with an opera glasa on April 23, 1912, 
showed a number of long, narrow canah crosving the face of the moon. 
Of these the most conspicuous was the broad, double canal shown in 
fi ure 1 [not here reproduced] extendine northweeterly from Tycho. 
f e x t  came the three canal5 to the wed of i t  and a few of those shown in 
Imbrium. All were narrow and quite uniform in appearance. The 
present sketch was made with a field glm3 mngnifying four times, on 
October 14, 1913, colo tude 90°. The double cam1 extending from 
Tycho ww now so bm?that it had almost lost its canal-like character, 
but numerous fine canals appeared, among them several exceeding 400 
miles in length. Only the more ConJpicuous ones have been drawn, in 
order to avoid confusi the sketch. When near the terminator the 
c a d  are faint or invi31e. They seem to be most conspicuous when 
the moon is full and individually to vary more or less with the colo i- 
tude. It would seem aa i f  a detailed study of them might r epavxe  
carefiil observer. Perhaps the best resulta are obtained on a sliihtl 
hazy evening or with the moon not very far above the horizon, SO it sha6 
not be too dazzling. Even with an opera g h s  better results are 
obtained i f  it is steadied by holding it against a past. It is perhap 
eaaier to see them in the firat place with a field g k ,  but once seen, an 
opera glass gives them a more canal-like appearance. With the latter 
the are m w ,  stmight, and gray or black; with the former they show 
a Jght ly  irregular structure, and at  times are distinctly brownish. 
There are few canals on Mars more distinct than those between Coper- 
nicus and Ariatarchus when seen under favorable conditions with an 
opera glass. 

But it is not neceseary to wait for a moonlQht evening in order to see 
the lunar canal. The =me mul t  can be o b b e d ,  though in an inferior 
way, from any ood photograph of the full moon. T h ~ s  should be placed 
&sai.nat the wa8 in a stroTlight and viewed with the naked eye from a 
distance of between 20 an 40 times its diameter. If we get nearer than 
this we see that the lakes, with the exception of Ph@, are not sharply 
defined regions, but simply small, dark areas of irregular shape and 
density, which are in reahty much larger than they appear in the 
drawing. Similar1 the canals which are drawn as heavy, fine linea, 
are in reality b d e r  and leas &tense areas of the same length. They 
vary in general from 20 to 60 miles in breadth. The effect is clearly 
not due to area9 of irregularly distributed and im erfectly seen fine 
detail. The surface is not necessarily irregular in d)enJity nor spotted 
nor filled with an detail at all. All that is required to produce a canal 
is a com arativec &$ht difference in density, a reasonable breadth, 
and a sugcient intrimc brilliancy to render it visible. * +t * 

A study of the lunar canals calls to our attention an unlooked-for 
charactenstic. We should naturally expect $at as weaspproached 
nearer and nearer to the hotograph, or used lllgher and hlgher powers 
upon the moon, that whife the canala first seen would be resolved and 
exhibited in their true aspect that other finer canals would appear 
which a closer approach would in their turn resolve. On the moon, 
excepting with very low powers, this dom not seem to be the cme. It is 
true that with a power of s e v d  bund-red diameters, short, uniform 
 canal^ make their appeammea,reeembhg in al l  respects the ahort, 


